. OUTCOME MEASUREMENTS AND MAIN RESULTS Using tolterodine as the reference, we estimated propensityscore-stratified incidence rate ratios (IRRs) for acute myocardial infarction, stroke, CV mortality, major adverse cardiac events (MACE, a combined end point of the previous three), and all-cause death for individual antimuscarinic drugs. The study cohort included 119,912 new users of OAB drugs. The mean age at cohort entry was 62 years, 70% were female, and the mean follow-up was 3.3 years. The adjusted IRR for MACE and current use of oxybutynin compared with current use of tolterodine was 1.14 (95% confidence interval [CI] 1.01-1.30). In contrast, the IRR was 0.65 (CI
Overactive bladder syndrome (OAB) is defined as urgency with or without urge incontinence, usually experienced with frequency and nocturia. 1 The prevalence of urge urinary incontinence has been reported to be as high as 36% depending on the country, age, and tool used to measure it. 2 The European Prospective Investigation in Cancer and Nutrition (EPIC) study used a single tool to assess prevalence rates of OAB in persons 18 years or older in Canada, Germany, Italy, Sweden, and the United Kingdom. The overall prevalence of OAB was 12%. 3 Antimuscarinic drugs have for a long time been the only drug class used in the treatment of OAB and continue to be the first line of pharmacologic treatment for OAB in the United Kingdom. [4] [5] [6] They interact with muscarinic receptors in the bladder detrusor and urothelium, leading to decreased bladder afferent activity and resulting in reduced urgency sensation and other OAB symptoms. 7, 8 Muscarinic receptors are present throughout the body. Blocking them could affect cardiac function, especially in elderly patients with OAB who are more likely to have cardiovascular (CV) comorbidities and risk factors. Adverse cardiac effects potentially associated with use of some antimuscarinic drugs include increased heart rate and QT interval prolongation. 9 Increasing resting heart rate was associated with increased overall morbidity and mortality, particularly in patients with CV disease. 10 Literature reviews on the safety of antimuscarinic drugs to treat OAB do not report on their CV safety. 11, 12 However, inhaled anticholinergic drugs were associated with an increased risk for CV events in patients with chronic obstructive pulmonary disease, 13 but this effect may not be directly applicable to the population with OAB, a common condition that is not life threatening.
Antimuscarinic drugs used to treat OAB differ in their selectivity for muscarinic receptors M1-M5 and in their ability to cross the blood-brain barrier. 10, 14 These differences result in somewhat different effectiveness and safety profiles. Although these drugs are thought to have a safe CV profile, the comparative CV safety of antimuscarinic drugs used to treat OAB is currently being studied. 15 Objective To investigate the extent to which the risk of acute myocardial infarction (AMI), stroke, CV mortality, composite major adverse CV events (MACE, inclusive of nonfatal AMI, nonfatal stroke, or CV mortality), and all-cause mortality differed by antimuscarinic drug used for the treatment of OAB.
Material (Patients) and Methods

Design, Setting, and Participants
We conducted a retrospective cohort study with health care data from the United Kingdom's Clinical Practice Research Datalink (CPRD) for patients newly prescribed specified antimuscarinics to treat OAB. This study was undertaken to obtain background data before a larger postapproval safety study requested by the health authorities for mirabegron, a b-3 adrenergic agonist indicated for the treatment of symptomatic OAB. Data will be analyzed in 2019.
The CPRD is a governmental not-for-profit research service, jointly funded by the United Kingdom's National Institute for Health Research and the Medicines and Healthcare products Regulatory Agency, a part of the Department of Health. The CPRD contains information recorded by primary health care practitioners as part of their routine clinical practice in the country (http://www.cprd.com/intro.asp) and is considered a valuable source of longitudinal medical information routinely used for epidemiological research. 16 The CPRD covers~8% of the UK population and includes~5.7 million active individuals who are alive and currently contributing data to the database; 13.2 million individuals have been part of the CPRD at some point. 17 Core data are stored in the General Practitioner Online Database (GOLD) that includes information on diagnoses, symptoms, referrals, tests ordered, test results, prescriptions issued, and additional clinical information obtained from general practices. Approximately half of the practices permit linkage with external data sources-Hospital Episode Statistics (HES) hospitalization data and the Office for National Statistics (ONS) mortality data.
The study period was January 1, 2004, through December 31, 2012. Patients in the study had at least 12 months of continuous enrollment in the database, followed by an index prescription (cohort entry date) for darifenacin, fesoterodine, oxybutynin, solifenacin, tolterodine, or trospium. To qualify as an index prescription, the patient could not have received a prescription for the same agent during the previous 12 months (but could have received a prescription for another agent). All patients were 18 years or older at the time of the index prescription. Patients were excluded if they had a diagnosis of cancer other than nonmelanoma skin cancer or had a diagnosis of or treatment for human immunodeficiency virus (HIV) infection before cohort entry.
Follow-up started on the cohort entry date (index prescription) and finished at the end of the study period, end of data collection for the practice, death, emigration, cancer diagnosis (except nonmelanoma skin cancer), diagnosis of or treatment for HIV infection, or a cardiovascular event, whichever came first. For the individual end points, person-time at risk accumulated until the date of occurrence of the specific end point; for example, the occurrence of stroke in an individual did not terminate follow-up with respect to AMI. For the composite MACE, follow-up ended at the first occurrence of any of its components. This censoring focuses on the risk to the first CV event, eliminating the modifying effect of one CV event on the risk of a subsequent event.
Person-time was classified based on individual OAB drug prescriptions and defined in a timevarying manner. Patients could contribute exposed person-time to different OAB drugs over their follow-up. Drug therapy episodes of current use of a medication were created by linking consecutive prescriptions for a given drug into a single continuous episode as long as the gap between consecutive prescriptions was not longer than 60 days. A therapy episode then referred to the period of continuous treatment with a given drug plus 7 days added to the end of the last prescription in the episode. The 7 days were added to reflect that patients may have skipped doses and had them at the end of days' supply and to account for delays between the prescription, issuing, dispensing, and start of use. The end of a therapy episode was defined as the end of treatment with a particular drug or a switch to or addition of another OAB drug. Switches occurred when a patient stopped taking one OAB drug and started taking another OAB drug in an adjacent therapy episode or when a patient was taking more than one OAB drug during a therapy episode and dropped one or more of those drugs while continuing to take the other drug(s). An add-on treatment occurred when a patient started taking an additional OAB drug while continuing the current OAB therapy. Then the episode of current use of a single medication ends. After an episode of current drug use ended, patients stopped contributing persontime to this pool until the next eligible episode (if any) started.
Outcome Measurements and Statistical Analysis
We first described the overall cohort and the subsets stratified by drug at cohort entry. We summarized selected baseline characteristics of the study cohort at cohort entry: age, sex, year of cohort entry, risk factors, comorbidities, and year 2010 values of the Index of Multiple Deprivation, a relative measure of several types of deprivation (e.g., health, education, crime, and access to services such as hospitals) in small geographic areas. 18 The CV end points of interest were AMI, including out-of-hospital coronary heart disease (CHD) deaths; stroke (hemorrhagic or ischemic including cerebrovascular death); CV mortality (including CHD death and cerebrovascular disease death); and all-cause mortality. We also examined a composite end point, MACE, inclusive of nonfatal AMI, nonfatal stroke, or CV mortality. For practices that permit linkage, all hospital episodes with an International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) code for AMI or stroke as a primary diagnosis were identified and considered to be confirmed cases. The underlying cause of death in ONS mortality data was also used to identify AMI and stroke cases (ICD-10 codes). For practices not linked to external sources, outcomes were ascertained from general practitioner (GP) records (Read codes) and confirmed through patient profile review and/or questionnaires completed by the GP who cared for the patient. 19 We estimated crude and age-sex-standardized incidence rates (IRs) per 1000 person-years for current exposure to any OAB drug and to individual OAB drugs using exact 95% confidence intervals (CIs) for the Poisson distribution. The entire follow-up time of the study cohort from cohort entry date to end of follow-up was used for standardization.
To compare specific antimuscarinic agents, we estimated propensity score-adjusted incidence rate ratios (IRRs) for individual OAB drugs compared with current use of tolterodine. This drug was selected because it is commonly used both in the United Kingdom and worldwide, making it a suitable comparator with regard to statistical and clinical considerations. For each drug other than tolterodine, we fit models to estimate the propensity for a patient to receive that drug instead of tolterodine, given the patient's characteristics. For each comparison, the propensity score was estimated through logistic regression models using patients exposed to the corresponding OAB medications at cohort entry. These models included terms for sex, age at cohort entry, year at cohort entry, Index of Multiple Deprivation (quintiles), OAB, hypertension (diagnosis codes or medications), diabetes (diagnosis codes or medications), smoking, history of AMI, history of stroke, history of transient ischemic attack, history of CHD, history of heart failure, history of peripheral artery disease or peripheral vascular disease, dyslipidemia, atrial fibrillation, chronic obstructive pulmonary disease, dementia, hemiplegia or paraplegia, liver disease, peptic ulcer disease, renal disease, dialysis, rheumatologic disease, gout, organ transplantation, menopause (women only), body mass index in the 3 years before cohort entry, obesity treatment, alcohol use, alcohol abuse or alcoholrelated diseases, drug abuse, outpatient visits in the year before cohort entry, hospitalizations in the year before cohort entry, and drug use before cohort entry: hormone replacement therapy (women only), tamoxifen, letrozole, thyroid hormone replacement, digoxin, nitrates and other antianginal drugs, lipid-lowering drugs, nonaspirin nonsteroidal antiinflammatory drugs, low-dose aspirin and other antiplatelets, immunosuppressive agents, antiarrhythmic drugs, thrombolytic therapy, and warfarin. Comorbidities were identified using diagnosis codes from all medical history before cohort entry, except where noted otherwise. After trimming the area of nonoverlapping propensity scores (~1% of extreme values in each tail), to remove from the analysis patients who were not comparable, 20 patients were grouped into strata defined by deciles of the propensity score distribution in those receiving the alternative treatment to tolterodine at entry. Point estimates and 95% CIs from the deciles were pooled using conventional Mantel-Haenszel techniques.
The study was designed and implemented in line with the International Society for Pharmacoepidemiology Guidelines for Good Pharmacoepidemiology Practices; 24 and was judged to be exempt from review by the RTI International institutional review board. The protocol was approved by the CPRD Independent Scientific Advisory Committee (protocol number 13_142A). The protocol for this study was registered in the EU PAS Register before the start of the study (EUPAS5529). 25 
Results
Descriptive Analysis
The study cohort included 119,912 new users of OAB drugs. The mean age at cohort entry was 62 years, 70% of users were female, and the mean follow-up was 3.3 years (range 1 day to 9 years including person-time of current use and person-time of noncurrent use). Of all index therapy episodes, 33% were for oxybutynin, 31% for tolterodine, and 27% for solifenacin. Table 1 shows the characteristics of patients exposed to the different OAB medications.
At cohort entry,~50% of study patients had a diagnostic code for OAB in their medical history, from 47% in users of oxybutynin to 58% in users of darifenacin. Based on diagnostic codes or treatment, at cohort entry 81% of patients had hypertension and 11% had diabetes. For both diagnoses, no substantial variation was found across OAB drugs.
Coronary heart disease was present at cohort entry for 13% of the study cohort overall, 13% of oxybutynin users, 13% of tolterodine users, but 17% of darifenacin users. At cohort entry, 4.0% of the study cohort had experienced an AMI (6.0% of darifenacin users), 4.1% had experienced a transient ischemic attack (6.0% of darifenacin users), and 7.0% had peripheral vascular disease. Approximately 98% of patients had smoking history recorded: 47% were never smokers, 35% were former smokers, and 16% were current smokers. Regarding alcohol consumption, 14% were nondrinkers, 52% had a low or moderate alcohol intake, 18% had a high or very high intake, 5.9% drank an unknown amount of alcohol, and 10% did not have alcohol consumption recorded.
Incidence of Cardiovascular End Points
During follow-up of the 119,912 new users of OAB drugs, 1983 AMIs, 2184 strokes, and 2097 deaths occurred due to CV causes (1126 CHD deaths and 1007 cerebrovascular disease deaths; both causes could be listed on a patient's death certificate). A total of 4728 patients experienced an event included in the MACE definition, and 9487 died of any cause. For periods of current use of any OAB drug, the age-sex-standardized IR was 4.9 (95% CI 4.5-5.3) per 1000 personyears for AMI, 6.0 (CI 5.6-6.4) for stroke, 4.5 (CI 4.2-4.9) for CV mortality, 12.2 (CI 11.6-12.8) for MACE, and 19.9 (CI 19.1-20.6) for all-cause mortality. Crude and standardized IRs for CV outcomes, by current exposure to individual OAB medications, are detailed in Table 2 .
Comparative Analysis Table 3 shows the effect of current use of oxybutynin, solifenacin, and trospium compared with current use of tolterodine for the five CV end points as IRRs estimated from the propensity score analysis. The use of darifenacin and fesoterodine was insufficient to estimate propensity score-adjusted IRRs.
The point estimates for the IRRs for AMI, stroke, CV mortality, MACE, and all-cause mortality for current exposure to oxybutynin versus tolterodine were consistently greater than 1 (Figure 1) . In contrast, the point estimates for IRRs for AMI, stroke, CV mortality, MACE, and allcause mortality for current exposure to solifenacin, compared with current use of tolterodine, were all lower than 1 (Figure 2 ). Compared with current use of tolterodine, a 14% increase was noted in the risk of MACE for current use of oxybutynin (adjusted IRR 1.14, 95% CI 1.01-1.30) and a 50% reduction in the risk of MACE for current use of solifenacin (IRR 0.65, CI 0.56-0.76). Incidence rate ratios for trospium were all near 1, with no other consistent pattern.
Discussion
In our study, current use of oxybutynin was associated with increased risk for CV outcomes in comparison with current use of tolterodine. Current use of solifenacin was associated with a lower risk for CV outcomes.
Patients with OAB have a larger prevalence of CV comorbidities than persons without such a diagnosis, 26 and the prevalence of OAB and CV comorbidity increase with age. Further, it was suggested that treated patients with OAB may have an increased CV risk compared with untreated patients with OAB. 27, 28 In our population, the distribution of CV risk factors was relatively similar across users of different OAB drugs. To control for residual differences in these factors that could confound our comparative results, we estimated propensity score-adjusted IRRs. A limitation of the study is that due to the low prevalence of use of darifenacin and fesoterodine (0.1% and 2%, respectively), standardized IRs were imprecise, and we could not estimate propensity score-adjusted IRRs.
Studies in large health care utilization databases like this one allow the assessment of safety outcomes in routine clinical practice; however, a limitation is inherent in the data sources. Because the data include records from health care in a routine clinical care setting, they contain administrative and coding errors, such as duplicated prescription records, that are likely due to repeated issue-and-print orders at the GP office at the time of patient visits. Diagnoses are recorded to the extent that GPs consider them necessary for their clinical activity. Non-lifethreatening conditions are sometimes underrecorded, as is the case with the diagnosis of OAB. Exposure information, including drug-use and treatment patterns, was derived from prescriptions issued that the patient might not have filled and followed. Therapy episodes of current use after prescriptions of OABs were based on published information on OAB use, but we may not have captured the reality of drug treatments. 29 Prescriptions in electronic medical records (just like filled or reimbursed prescriptions in other sources of data used in observational studies) do not provide information on whether a drug was discontinued before the end of the days' supply or continued after the end of the days' supply. Thus we rely on assumptions and indirect methods to obtain this information, such as incorporating a 7-day extension of current use or requiring gaps longer than 60 days to consider a therapy discontinued.
We used three sources of information to identify CV end points: HES and ONS, for practices that allow linkage to these data, and CPRD GOLD data for nonlinked practices. Case identification of CV end points recorded in the CPRD were evaluated in previous studies. The positive predictive value (PPV) for AMI cases ascertained by primary discharge diagnosis ICD-10 codes in HES was reported to be 92%. 30 Studies using CPRD GP information only also showed high Overall results were standardized to the sex and age distribution of the study cohort person-years; sex-specific results were standardized to the sex-specific age distribution of the study cohort person-years. The propensity score was estimated through logistic regression using patients who experienced single exposure to each drug other than tolterodine at cohort entry. These models adjusted for age at cohort entry, sex, calendar year at cohort entry, and a number of comorbidities and exposure to medications. After trimming~1% of extreme values in each tail, patients were grouped into propensity score strata defined by deciles of the propensity score distribution in patients receiving the comparison (as opposed to the reference) medication at entry. Stratified incidence rate ratios estimated in propensity score analyses were calculated using the Mantel-Haenszel approach. AMI = acute myocardial infarction; MACE = major adverse cardiovascular event; OAB = overactive bladder; Ref. = reference.
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Incidence rate ratio Figure 1 . Propensity score-stratified analysis comparing current use of oxybutynin against current use of tolterodine. AMI = acute myocardial infarction; MACE = major adverse cardiovascular event. Vertical bars represent 95% confidence intervals around the incidence rate ratios. Incidence rate ratio Figure 2 . Propensity score-stratified analysis comparing current use of solifenacin against current use of tolterodine. AMI = acute myocardial infarction; MACE = major adverse cardiovascular event. Vertical bars represent 95% confidence intervals around the incidence rate ratios.
PPVs [31] [32] [33] for AMI and for ischemic and hemorrhagic stroke. [34] [35] [36] In our study, we validated CV end points identified in GP information. The PPVs were higher than 80%. 19 For overall mortality, we studied a sample of 146 patients without linkage to HES or ONS with records indicating they had died but had no diagnosis codes for AMI or stroke. All of them were confirmed dead through questionnaires filled out by their GPs. In a sample of 149 patients with no death, AMI, or stroke records, we asked GPs if the patients had died, and no death was reported. 19 Antimuscarinic drugs increase heart rate and duration of the QT interval that are not well captured in the data source. To overcome this limitation, we focused on hard end points, AMI, stroke, CV death, and all-cause death because increased heart rate was associated with increased CV morbidity and mortality. 10, 37 In our study, the IRRs for AMI, stroke, MACE, overall mortality, and CV mortality for current exposure to oxybutynin compared with current exposure to tolterodine all indicated positive effects on CV risk. In contrast, point estimates for the IRRs for AMI, stroke, MACE, overall mortality, and CV mortality for current exposure to solifenacin relative to tolterodine were in the opposite direction. Lower IRRs for CV end points for solifenacin in comparison with tolterodine were also observed in a Swedish cohort study 38 with the same design as this one, but not in a similar study conducted in Denmark, where the risk of the targeted CV end points was similar across individual OAB drugs and did not indicate a consistently increased risk for any individual OAB drug. 15 In the Nordic countries, use of oxybutynin is minimal and insufficient to study its effects on CV end points. 15, 29, 38 The fact that results are not consistent across these populations in observational studies, together with unclear safety results from in vitro studies and randomized clinical trials, 9 , 10 precludes us from making recommendations to modify clinical practice.
This set of studies has produced two valuable contributions. First, none of the study drugs seem to be markedly and consistently harmful or safer, and second, the observed safety results vary across populations despite the common protocol used by these studies. The Danish and Swedish health care systems and data sources are similar, and both differ from the UK health care system and data source. Exposure data in the Danish and Swedish study were derived from dispensed prescriptions and from issued prescriptions in this study. Duration of use was estimated using the waiting-time distribution method in Denmark, 39 the dispensed number of daily defined doses in Sweden, 40 and the recorded days' supply in the CPRD. Despite these differences, patterns of drug utilization were similar in the three populations. 29 In the Danish and Swedish studies, data sources included outpatient visits to hospitals and hospitalizations, whereas in the present study, data sources also include primary care, and hospitalization data are available for a part of the population. We could not identify differences in patient characteristics that would explain the differences in safety results across populations. None of these studies could assess genetic differences or exposure to overthe-counter medications.
Conclusion
In this retrospective cohort study of new users of OAB medications, the risk of AMI, stroke, CV mortality, and all-cause mortality, compared with tolterodine, was increased in users of oxybutynin and decreased in users of solifenacin.
